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THE /_OT___O STANDARD INITIATOR

Apollo Spacecraft Project Office

NASA M_nned Spacecraft Center

CONCEPT DEVELOE<_NT

%

l_otecbmic devices and systems have ...... elected to perfo_a _ny of the

most critical _ctions in the Apollo spacecra_t system because of their

high power-tO-_,,eight ratio_ thei_smaii size and their high reliability.

_uese factors combine to permit the achievement of the extremely high

reliability apportioned to the flight safety functions.

The philosophy adapted for the Apollo spacecraft is that the crew s_!!

have the capability of abort during any phase of the flight mission. Since

"Vthe elec_ro-explos_ e initiator is the heart_ and probably the most critical

component of any electrically actuated pyrotechnic system, the relia_Tlity

apportioned to the initiator has beenestablished at 99. gperc_with a

confidence level of 90 percent. To demonstrate this reliability for any

_zthouo failure.initiator requires 2_303 firings " _ _

Gbviously, if a nu_foer of "makes and models" were used in the spacecraft_

zhe reliability demonstration of all of them would be prohibitive z_om the

standpoints of both time and cost. If_ on the other hand_ a single initia-

tor could be used, this demonstration could be more easily attained. I_y

early i964_ over 4,000 initiators w!ll have been fired in the Apollo proem.
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At t_hetime the Standard Initiator cDncept was originally established Tor

Projec t Apollo_ it was desired to obtain a sir_le device capable of per-

foi_ng three basic functions 3 namely, (I) initiate propellent charges,

(2) initiate high explosive charges, and (3) operate directly sm_ll hot-

gas-operated devices, it soon becameapparent that while such a device might

be within the state of the art, the time and cost of development were largely

indeter_inate. It was therefore necessary to modify the original concept and

to use a conversion module for the detonation of high explosives. The Apollo

spacecraft, therefore, uses a standard initiator which_ by itself, performs

two of the desired functions and is assembled into a standard detonator car-

tridge (Figure i) to perform the third function.

SPACECRA_TAPPLICATIONS

As an independent pressure cartridge the initiator directly operates a few

small devices such as explosive switches in the electrical power distribu-

tion system and explosive valves in the commandmodule reaction control

system. Tne applications are relatively few however, and for most appli-

cations in the spacecraft the initiator is i_cto_y assembled (welded) into

a fa_Aly of general and special purpose cartridges (_-Zgare2).

Pressure Cartridges (Special Purpose)

For app]_ications where a high pressure and/or a large volume of high pres-

sure propellent gas is required_ the standard initiator is assembled (welded)

into appropriately sized pressure cartridges. At present, three such cartridges
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are required:

Type I :

?_e II:

I_ogue parachute mortar

Main parachute pilot mortar

Type Ill: Forward heat sbleld separation system (a thruster system).

The output of these three cartridges ranges up to 18;000 psi in a l0 cc

voltume.

Igniter Cartridge (General Purpose)

i

_nis cartridge converts the output of the initiator to one suitable for

ignition of pyrogen units and pellet baskets of rocket motors. The o_p_,,+"'_

of this cartridge is 600 calories (minimum) and 2,100 psi in a lO cc volume.

The cartridge replaces the ori__nally used L_A%T initiators to ignite the

three rocket motors in the launch escape system. The physical dimensions

of the cartridge were selected to retrofit directly into existing rocket

hard'_:are. In the conversion from EE_ T to hot-_re ignition there has been

no discernable change in the motor ignition characteristics.

Detonator Cartridge (General Purpose)

_qis cartridge converts the initiator output to one having characteristics

suitable for reliable detonation of high explosive charges. Like the i_ti-

ator_ the detonator cartridge is both field-assembled into explosive systems

and factory-assembled (welded) into specialized cartridges. As an independent

unit the detonator cartridge is _used with various linear shaped charge systems

such as that used for separating the se_ice module from the adapter after

insertion of the spacecraft into iran's-lunar trajectory. The detonator3
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7 __e_d_ into specialized cartridges_ is used for such applications as the

launch escape tower separation bolt.

Overall Usage in the Spacecraft.

_@are 3 shows the presently defined applications of the initiator and the

initiator-based cartridges. These applications do not include any of those

for the Lunar Excursion Module (L_) since these have not yet been defined_

however_ai! pyrotechnic functions in the LI_will be initiated by the Apollo

Standard Initiator. Based on the experience of Projects Mercury and Gemini

it appears very likely that the total number of initiators shown in Figure 3

will at least double during the course of development of the Apollo space-

craft system.

GE_X_qAL DESIGN CONSIDERATIONS

Size and Weight

As for all spacecraft devices, the size and weight of the initiator are

extremely important. By itself the weight of the initiator is almost in-

signlficant_ however_the aggregate weight of all initiators carried in the

spacecraft can be important. Every Apollo component is carefully analyzed

to determine if even ounces can be eiim_nated_ for i pound added to the

spacecraft, requires carrying an additional 1.37 pounds of propellant for

the spacecraft propulsion system. The size of the initiator is also criti-

cal; where it is not practicable or possible to provide redundant pyrotecbn_ic

devices t_e next best approach is to provide red'mudant initiators on each



device. If the size of the initiator is not sufficiently s_ell then the

device mayhave to be enlarged.

I_fi_ewire Eedundancy

2ased on the experience "of i_roject Mercury it is very probable that addi-

tior_l p_-2otechnic functions will be added and the location and configura-

tion of now defined devices will be altered during the course of Project

Apollo. It may become necessary to provide for contingencies wherein only

a single initiator can be used in a device and where redundancy of devices

is impossible. In such instances the redundancy of the electro-explosive

interface in the initiator is essential, even though it would require

routing of the firing leads from both power sources through a single initi-

ator connector. To provide for such contir_encies_ a dual bridgewire system

(four pins) was selected for the Standard Initiator.

Enviror_ental Conditions

-_ne enviror_nental conditions experienced by the initiators in the spacecraft

•,,_ilIvary according to their location and the degree of protection afforded

by the spacecraft structure. No specific degree of protection can be as-

suraed since all locations of the initiator are not yet defined, it is there-

•o_e imperative to establish "worst conditions" as the environmental require-

merits. The environments selected as the _ -_ +"o_e_a_ing_ or mission, enviropzuents

for the initiator are_ essentiaily_ those anticipated for equipment mo'Lmtec,

on the e_ernal surface of a lunar mission _-spa_cra_ _ with minimum s_±_.....

protection. The more rigourous environments are outlined in Figare 4.
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Natura!ly_ the device must also meet the normal enviror_mental requirements

and those associated _th storage_ handling_ and shipping.

Fool-proofing

An extremely important consideration in the design of initiators_ in fact

in the design of all pyrotechnic devices_ is the prevention of misinsta!-

iation of the device and misco_ection of firing leads. This problem fre-

quently receives all too little consideration in the design of devices and

syster_. It must be assumed that if it is physically possible to install

the device in the wrong place, or to connect the wrong firing leads_ some-

where or sometime this will be done.

As a result of previous spacecraft experience the Apollo philosophy is to

design every pyrotechnic device and system so that a person with very lit-

tle trainirg can install the devices properly (while wearir_mittens_ if

possible) and, also_ to desi_ it so that he ca,_not install it elsewhere

or connect the wrong firir_ le_ds,

Note (Figare 2) that the output ends of all threaded devices differ in

size and thread with one exception_ that of the detonator and igiiter car-

tridge. This situation was unintentional and is being corrected. Since

this example illustrates a dangerous trap for the unwary, an expianation

is appropriate. At first_ each systems design group had responsibility

for procuring the pyrotechnic devices to be used in its systems; under these

circumstances, the coordination and configuration control of the pyrotechnics

was very dif_icult. The propulsion group procured EBW initiators for the
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motors in the launch system and the mechanical devices group procured the

detonators T_or separation systems - and both groups specified 9/16-i8Ti_

threads. When motor i_ition was changed to hot-_.Ire it was desired for

the new igr_ter cartridge to retrofit existing rocket motor hardware in

order to prevent delay of the motor firing pro_am. When it was discovered

that the two devices were interchangeable it _-as decided that the points of

installation of the igniter and detonator cartridges were sufI_iciently sep-

arated to reduce the possibility of misinstailation to an acceptable mini-

_n_ especially since the physical configuration of the two devices differed

from each other. _rnile this was acceptable as an interim solution, the

thread size of the igniter cartridge is being changed for spacecraft hardware.

_o positive actions have been taken by the prime contractor to preclude

similar situations from developing in the future, namely, (I) consolidation

of the responsibility for all p3_otechnic devices and systems (except rocket

motors) under a central "Ordrmnee Systems" group reporting to the Manager of

Structures Design, and (2) establishment of formal configuration control for

all pyrotechnics within the Ordnance Systems group. _

_qe prevention, of connecting the _fong firing leads to a pyrotechnic device

is another source Of concern to the Aooilo Spacecraft Project Office. An

obvious solution to such problems is_ of course_ the indexing, or.clocking,

ofthe electrical _onnectors, Indexing low density items, however, intro-

duces logistics and cost problems and, in effect, converts general purpose

to special purpose items. The igniter cartridge is a low density item which

will iliustra_e the problem and its solution.
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In the launch escape system of the Apollo spacecra_, two rocket motors

are mounted so that the installation points of the igniter cartridges are

only 8 inches apart (Figure 5). In this situation it is physically possible

for the four firing i_ds to be connected in a number of combinations re-

suiti_ in one of the following at abort initiation:

i. Launch escape motor fires (n_l_ desired action).

2. Tower jettison motor i_res (catastrophic failure because of insuf-

ficient thrust to lift the command module i_om the service module).

3. Both motors fire (catastrophic failure because the capability to

jettison the tower and release the parachutes has been lost).

Initiator cormector indexing could solve this problem, however it would in-

troduce logistics problems since only six igniter cartridges are required

per spacecraft_ using the principle of commonality. Specializing the initi-

ators for these cartridges during initiator manufacture would aggravate the

logistics problem. It may be necessary to accept this solution because of

the importance of the functions involved_ however, the proposed solution out-

lined below seems to be acceptable from both safety and logistics aspects and

is being considered.

Post-_mnufacturing System of Indexing

As indicated in Figure 6a, the initiator body (electrical end) can be manu-

factured with a number of undercut indexing slots, e.g._ of trapezoidal cross-

section, so that keys, either flush with the inner surface (Figure 6b) Or

protruding inwardly (Figure 6c), can be fitted into all slots except one.
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The keys and keyways can be of such relative size that any key can be _th-

da-a-_nby a special toolj but not wizhout the tool. The resulting configa-

ration (?igure 6d) is that of the standard initiator. At this point, the

initiator is a con_non item and can be assembled into any device.

_&e initiator can then be assembled into detonator and i_ter cartridges.

The one o, clock key is withdra_A_ from the detonator ass_blies and the two

o'clock key from the igniter assemblies (Figures 6e and 6f). A gage is

used to insure that the proper keys have been withdrawn. Similariy_ all

pTrotechric cartridges can be indexed as indicated in Figure 7a; when deto-

nators are assembled into special cartridges the connector can be further

indexed (_-Igure 7b).

Retu_ring no_r to the specific problem of i_iter cartridges_ since cor_onality

in the menufacture of initiators is achieved_ the major logistics problem has

been solved. Igniter cartridges received at any launch site (for example,

Cape Canaveral) are all indexed 12-2 and are interchangeable between the

t_hree motors. %%en a flight kit is assembled for a specific spacecraft art_

six cartridges (plus spares) can be wlthdrawn from storage. The six flight

articles can be indexed at this time to convert them for specific motors as

shown in Figure 8 and the spares iei_ as cow,non items to be indexed as mmy

be required later.

_e indexing technique ex_iained above does not depend 6n_¢elve Slot

system; it ms readily adaptable to any current indexing or polarizing sys-

tems such as the Bendix PT series adopted for the_o!lo spacecrai_.
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Once the connectors are indexed for specific motors it is essential that

one of the igniter cartridges be converted to a different thread size to

insure that_ for example_ the cartridge indexed for the tower jettison

motor cannot be installed in the launch escape motor. If the mating hole

in the launch escape motor is slightly larger than that in the to}_er jet-

tison _.%otor_ the common ignition cartridge can be adapted to fit this hole.

To adapt the cartridge_ a threaded adapter can be installed on the appro-

priate cartridge at the time the co_n_ector is indexed; _ith both ends of

the cartridges now indexed_ fool-proofing can be achieved. Indexing and

_nst_mi_ulon of adapters can_ of course_ be performed at the cartridge ven-

dor's facility as _¢ell as at the launch site. _nis technique of indexing

is now being studied for application to a!l Apollo spacecraft pyrotechnics,

Althou_ the foregoing has departed somewhat from the specific subject of

initiators the importance of fool-proofing both ends of all pyrotechnic

devices justifies this rather lengthy discussion.

_w _ Mating Electrical Cormector

Fro_a the previous experience on Project Mercury_ shorting springs._ clips

and other devlces of similar nature are considered inadeq'aate from the

standpoints of safety in handling and protection of the initiator pins.

Shorted, mating electrical cormectors will be used on the Apollo Standard

_tor. It may be desirabie_ when using indexed connectors_ to provide

shaped, color coded and inscribed caps for the shorted connectors to facili-

tate identification of the specialized devices.
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INITIATORDESCRIPTION

_cause of its developmental status the internal configuration of the

iritiator _iil not be described at this time; thls description viii be _

confined to a few of the salient features.

The initiator specification control dra_ing is sho_m in Figure 9. The

body size has been r_Inimized consistent _ith other requirements. The

washer Is used to weld the initiator into other assemblies and may be

either integral with the initiator body or welded thereto. Provision is

r_de for the use of an O-ring In the field assembly of the initiator to

other devices. A goal of 60_000 psi internal pressure capability has been

estgolished since some of the Apolio pressure devices operate at over i8_000

psi at the present time.

The irltiator vi!! meet the Atlantic Missile Range no-fire requirement of

1 a_nere and i watt for 5 minutes (at 165 ° F) and has an all-fire current

of 3._ amperes. The bridgewire system consists of two firing circuits

_"_o_ pins)_ each _ith a s$r_ie bridgewire of i.0+ 0.i ohms resistance welded

to the pins and flush against the ceramic header.

_IABILITY ASPECTS OF TN_ STANDARD Iq_TiTIATOR

_ne Apollo Standard Initiator is present!ybe!ng developed by two sources

to a perfor_ence speciz_eation. _ese two competitive designs are both

being used in the development of the various spacecraI% systems and both

-will undergo qualification and extensive other evaluation tests. _hen
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sufficient data are avaiiabie_ one of the designs _ii be selected as the

spacecraz% design. A design, manufacturing and quality assurance specifi-

cation will probably be written around the selected design to assure iden-

tity of all production items.

Since large numbers of initiators are being fired in supporting the develop-

%

ment and qua!ii_cation of the various pyrotechnic devices and systems for

the spacecraft_ design deficiencies wTl! be rapidly discovered. _urther,

ai_lysis of the performance of the two initiators in these development

programs will assist in the evaluation of the competitive designs, Since

the performance and external configuration of the two initiators are iden-

tical it is also possible to exchange available initiators from one system

development program to another as required.

Other advantages also acc_ae through standardization. The Apollo Space-

craft Project Office considers the electro-explosive interface to be the

most critical part of any pyrotechnic device. Because this interface is

identical on all initiators the firing of the initiator in one device can

provide data which can be directly related to firings in other devices

thereby building confidence in the interi_ce and in both devices at the same

time. The use of a standard "header" was considered but was discarded in

favor of the complete standardized unit because of the capability of per-

fo_ing lot acceptance firing tests on the initiators prior to their

installation in cartridges and other pyrotechnic devices. Of course_ in

either the standardized header or c_piete item concepts_ a failure in one

device relqects unfavorably on the reliability of other devices. With the
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standard initiator there is a bright side to the picture even in this case_

!_r subsequent firings in a number of devices will rebuild confidence quite

rapidly.

Onetecb_niquethat can be used to build confidence in the reliability of

a specim_c pyrotechnic device is to procure all devices for qualification,

reliability assurance_ device and systems tests_ flight testsj and opera-

tional flights from a single lot. Tne various lot acceptance and systems

tests preceding the first flight will consume a large percentage of the

devices; and this percentage (Of devices fired) will increase with each

succeeding flight until the last one_ during which the last of the lot _ii

be fired. In effect, this technique results in an extremely large sar_@le

size for lot acceptance testing, his technique is being used on Project

Gemini and would probably be beneficial for nmny projects having a relatively

short iife_ one within _e normal storage life of pyrotechnic devices.

Project Apo!lo_ because of its extended life e_oectancy_ cannot adopt this

technique in its entirety although a modification of the technique can be

used. It is feasible to procure all initiators to be used on a given flight

from the same lot and thereby enhance the reliability of the most critical

area - the electro-explosive interface. Figure I0 illustrates the use of

this single-lot technique for a single flight of the Apollo spacecra_ (less

+_e _:_[_) - for example_ in an extended orbital mission. The first col_vm

shows the numbers Of the various devices required for flight, the second

coiumm an arbitrary but realistic and e_erience-based n_mber of sparesj

and the third column the number of de_ces expected to be fired by the

launch facility in preflight tests; the total of these columns is the nun_er
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of devices required at the launch site to support a single'mission. Simi-

iarly, the next group of coluzms indicates the numbersof devices for lot

a.... +o_e tests verii_cation tests (if desired), and the total numberof

devices %qcichmust be manufactured. Assuming that each device incorporates

one iritiator, the total numberof initiators are indicated in the next

column, Again lot acceptance and verification test auantities are indicated,

resulting in a minimumlot size of 414 initiators to support the single mis-

sion.

_Yow,working from right to left and considering only the lot acceptance and

launch activity tests in which initiators are used, a total of 238, or 67.6

_ercent of the manufactured initiators viii have been fired prior to _±_gn__ _

of the spacecraft. It should be noted here that the quantities required for

"verification tests" have been deducted from the total manufactured devices

and initiators. It seems reasonable that these tests, if performed, should

be included in the totals since every initiator and device is serialized

and complete traceability required; thus there can be no "behind-the-scenes"

tests of production items, if all tests indicated are considered then the

total _red rises to 72.5 percent of the rz_nufactured initiators. These

figares do not include tests of systems and sub-systems at prime manufacturer

facilities; they -would also be included if performed.

The single-lot technique can be used to cover more t.han one flight, provided

that the storage life of the devices is not exceeded. This, as in Project

Gemiri, will result in progressive buildup of demonstrated reliability and

confidence. On the other hand, should each vendor of pyrotechnic devices
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demons_ra_i _ woulduse c_i_eren_ initiators_ the confidence and reliability _ _'o_

be based only on the devices themselves and would be considerably less than

when using the Standard Initiator concept.

TRACFABrL_i_/ANDDATA_O_zC_±0N

u!_ee-To acD_eve the maximum benefits from the standard initiator concept _ _

ability of all _£rotechnic devices and collection of data _om all firings

of all devices are essential. The Apollo pyrotechnics pro_am provides

for complete and i_ediate traceability of every initiator m_nufactured.

These records show, by lot and serial number_ all shipments of the initiators_

their r_iages into next higher assercfoiies (for exampie_ into detonators)

and all shipments of these assemblies_ with the result that the current

location of every initiator is kno_m at all times. Should it be necessa_£_

eve_g initiator and/or device from a_ given lot can be recalled or set

aside for re-examination ve_# rapidly.

_e__e data system will also provide for irmmediate reporting of data +....

during any firing of mnm_ia_ors or pT.otech_c devices. The redo±ted _a_=

will be continuaiiy analyzed to detect any deviation from specifications_

and periodic reports of the demonstrated reliWoi!ity of the lots can be

published. The traceability feat_e of the system wil! permit ready de-

termination of compliance with the firing data reporting re_airements.

Titus the total firing histo_£ of any lot can eventuailybe determined.

_arther; special analyses of the recorded firing data in off-limit condi-

tions can be m_de whenever desired.
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At present_ this data system is being established for the Apollo program

only. It _-il!j however_ be readily expandable to include all Apollo initi-

ators used by any activity. It appears that an ex_anded program would be

of benefit to all concerned, for the firing and traceability records obtained

_"om each user of the initiator could support all participating activities.

FUTUREPLA_NS

Several years ago the NASA Manned Spacecraft Center organized a "Pyrotechnics

Panel" consisting of representatives of all _C Project Offices, the research

and development divisions_ and the organizational elements concerned _ith

safety_ preflight and flight operations of manned spacecraft. One goal of

tlmis panel is the establishment of the performance and design requirements

for a Standard _nned Spacecraft Initiator. Although all the requirements

have not yet been for:maiized_ many of the desired features have been incor-

oo_ndard Initiator, which therefore represents anporated into the Apollo ....

_C interim-standard device.

Other panel cor_&ttees are studying other aspects of pyrotechnic devices

and systems such as test philosophy_ methods, and instrumentation; storage

and handling techniques; and identification and traceability methods. The

results of panel activities are being incorporated into Project Apollo p_zo-

teci_nics insofar as the project schedule permits. The inclusion of the Apollo

data collection system into an overall _C data system for all spacecra_ com-

ponents will probably be accomplished in the relatively near 9ature.
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